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HOMOLOGIESIN WINGVENATIONOF PRIMITIVE
DIPTERA ANDMECOPTERA
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Abstract. —On the basis of evidence from tracheation of wing veins, distribution of

macrotrichia on veins, corrugation of the wing, and comparison of wings of Diptera to

those of Mecoptera, the media is four-branched and the anterior cubitus is unbranched.
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Dipterists are concerned with the inter-

pretation of wing venation because they use

venational consistencies and differences for

recognition of taxa at all levels. According-

ly, it is awkward that conflicting views of

venational homology are currently in use.

In this paper, support is offered for one of

those interpretations.

J. H. Comstock and J. G. Needham pro-

duced the most widely accepted system of

nomenclature and homologies of wing veins

of insects (Comstock 1918). Familiar to most

entomologists, it need not be reviewed in

detail here. In diagramming the hypothet-

ical primitive or generalized insect wing,

Comstock and Needham noted that alter-

nating veins are elevated or convex ( + ), or

depressed, concave (-) with respect to the

plane of the wing. This corrugation, or flut-

ing, had been pointed out earlier by Adolf

(1879) and Redtenbacher (1886): the costa

is -I-, the subcosta strongly -, anterior

branch of the radius strongly +. the sector

(Rs) and its branches -. anterior media +
(but absent in extant orders of insects), pos-

terior media and its branches -. anterior

cubitus +, posterior cubitus -, and so on.

K. G. A. Hamilton (1971: 429) noted that

much of the fluting seen in wings of Pa-

leoptera is reduced in wings of Neoptcra,

except in the costal area (C, Sc and R,) and

along the cubitus. Nevertheless, the relative

elevation and depression of veins can in

most cases be readily determined.

The problem with which I am concerned

involves the branching of the posterior me-
dia (M) and the anterior cubitus (Cu,). Com-
stock and Needham determined that vein

M primitively was dichotomously four-

branched, M,, M,, M, and Mj, all concave,

reaching the wing margin. They believed

that Cu was primitively two-branched rath-

er near its base, with the anterior cubitus

(Cui) being strongly convex and the poste-

rior branch (CU2) concave. Vein M,,4 or

M4 is, in their system, connected to Cu, by

the m-cu cross-vein. The anterior cubitus

may itself be divided into Cu.^ and Cun, (see

Snodgrass 1935: 216).

A problem arose for Comstock and Need-

ham with the observation that what ap-

peared to be the posterior branch of Mwas

moderately to strongly convex in Diptera.

Since all branches of Mwere supposed to

be concave, they initially said that this vein

is either an anterior branch of the anterior

cubitus (Cu,3) or Cu^ + Mj. Their eventual

conclusion, however, was that in Diptera

the media has only three branches and that

this convex vein is a branch of the cubitus;

that is. M4 is always absent in wings of Dip-

tera.
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Figs. 1-2. PseudoUmnophila inornala (Osten Sackcn). 1 . Wing with venation labelled according to the

Alexander-Tillyard system, with branches of Mand Cu also labelled (in parentheses) according to the Comstock-

Needhaiti system. 2. Portion of venation showing distribution of macrotnchia on certain veins. Scale line = 1

mm.

This interpretation was challenged only

eight years later, by R. J. Tillyard (1926),

who declared that M is four-branched in

flics and that Cu, is unbranched. Almost

simultaneously, C. P. Alexander had reached

the same conclusion, based on his study of

Tipulidae and other primitive Diptera (e.g.,

Tanyderidae). A student of Comstock at

Cornell University and at first a follower of

the Comstock system (from 1919 to 1925).

Alexander became convinced that the me-

dia has in Tipulidae four branches, as in the

hypothetical, generalized pattern, and that

what he had been calling the "anterior de-

flection of Cu," in crane flies was really the

m-cu cross-vein.

The Alexander-Tillyard interpretation has

also been widely accepted, perhaps in part

because it holds that Min primitive Diptera

(that is, Diptera in which the venation is

not greatly reduced or modified) has the form

that Comstock and Needham claimed for

primitive insects generally. This view was

followed, for example, by D. H. Colless and

D. K. McAlpine (1970) in "The Insects of

Australia." In contrast, the "Manual of

Nearctic Diptera" (J. F. McAlpine et al.

1981) adopted the Comstock-Needham in-

terpretation. Figure 1 illustrates these con-

flicting interpretations of Mand Cu, in the

wing of a crane fly.

The problem is basically this, I think: Is

the vein (labelled m-cu in Fig. 1) connecting

what appears to be the posterior branch of

Mwith Cu, in fact a cross-vein, or is it the

basal part of a branch of Cu,? What kinds

of evidence can be obtained to support one

interpretation or the other?

Some similar problems have been solved

by examination of tracheal branching. In

Diptera, however, the veins are already

clearly established in the pupal wing (the

wing sheath) before tracheae enter the wing.

In crane flies of the genus Tipitla (Fig. 3),

one trachea enters the radius and branches

at the arculus, one branch continuing along

the radius and through R, to the stigmal

area, the other proceeding along the cubitus

(Cu,). In several pupae of Tipitla trivitlata

Say examined (and in a few of other species),

the cubital trachea did not give off" any

branch into the vein in question (which I

call m-cu). In some individuals, perhaps

preserved too soon, the trachea stopped be-
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Figs. 3-4. Tipiila triviltala Say. 3. Pupal wing (wing sheath) showing complete, slightly raised venation

(shaded) and tracheal branches chiefly in R, and Cu,. 4. Wing, indicating the convexity ( + ) or concavity (-) of

certain veins. Scale lines = 1 mm.

fore reaching m-cu; in others, it passed m-
cu without branching. In one specimen of

Tipttia ignobilis , however, a short branch

entered m-cu for about one-fourth of the

length of that vein. I find this evidence in-

teresting but ambiguous.

A few morphologists and taxonomists

have observed that, in various taxa, macro-

trichia occur on certain longitudinal wing

veins but not on cross-veins. This contrast

is easily seen in Mecoptera, for example.

Numerous individuals of several genera of

Tipulidae (in all three subfamilies) were in-

spected with this in mind. While macro-

trichia usually occur on both M and its

branches and on Cu,, although often only

sparsely, they are almost never seen on m-cu.

One or two machrotrichia were found on

the cubital end of m-cu in a very few in-

dividuals. Pseudolimnophila illustrates well

the contrasting presence of macrotrichia on

Mand Cu, and absence from m-cu (Fig. 2).

But macrotrichia are absent as well from

the basal, cross-vein-like portions of M| + ,

and M3, so this evidence may not be very

convincing.

Homology of veins from one order to

another has been determined largely by the

previously mentioned corrugation, or flut-

ing. As a general observation, two main lon-

gitudinal veins— R, and Cu,—are ordinarily

strongly convex in virtually all neopterous

orders of insects. Such primitive flies as Tip-

ula (Tipulidae) and Protoplasa Tanyderi-

dae) show this condition (Figs. 4, 5). In both,

a strongly concave, darkened line closely

paralleling the convex Cu, but not reaching

the wing margin has been interpreted as Cu^

or the cubital fold, lying in the cubital fur-

row. Also in both, the vein that I suppose

is Mj is clearly convex, while m-cu is much
less so and may be neither + nor -. But I

cannot accept the view of Comstock and

Needham that the convexity of "M4" must

be interpreted as this vein's being a branch

of CU|. My reason is this: In all crane flies

and tanyderids examined, vein R5 or the

combined Rj.s is moderately to strongly

convex, while the expectation is that it

should be concave. Comstock and Need-

ham, who held that the branches of the ra-

dial sector are concave, apparently took no

notice of this inconsistency. W. Hennig

(1969: 31 1,376) did, and suggested that the

apparent R, could include a remnant of the

convex anterior media. However, it is gen-

erally accepted, I think, that the anterior

media is absent in all modemorders of in-

sects. My interpretation of the convexity of

both Rs and Mj is that there is a structural

"need" for corrugation to give some relative

rigidity and strength to the respective parts
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Figs. 5-7. Wing venalion, showing the convexity ( + ) or concavity (-) of certain veins. 5. Protoplasa fitchii

(Osten Sacken) (Diptera:Tanyderidae). 6. Panorpa communis Linnaeus (Mecoptera:Panorpidae). 7. Nanno-

chonsla ncolropica Navas (Mecoplera:Nannochoristidae). Scale lines = 1 mm.

of the wing (which are otherwise rather

plane). I have no idea whether this is so;

but the point is that a convex M^ is no more
remarkable than a convex Rs, and no less

to be expected.

Occasionally, in local populations, one

finds numerous individuals that have the

branches of M variously dislocated (Byers

1961). Such aberrations appear to have a

genetic basis (cf Laven 1957). While the

apparent Mj is involved in these disloca-

tions, although less so than M,,,, and even

m-cu may be affected, the anterior cubitus

is not. This suggests that there are, to some
extent, different factors influencing the de-

velopment of Mand Cu,.

Finally, there is the evidence from com-
parative anatomy, which is more convinc-

ing to me than any of the evidence already

cited. A survey of the orders of insects to

determine the most likely origin of the Dip-

tera leads us quickly to the Mecoptera. This

order, the fossil record of which goes back

to the lower Permian, displays the combi-

nation of characters most closely resem-

bling that found in primitive Diptera—

characters of general body structure, exter-

nal genitalia of both sexes, antennae,

mouthparts and wing venation. According-

ly, we may gain from examining the branch-

ing of the media and cubitus in Mecoptera

some understanding of equivalent venation

in Diptera.

Comstock and Needham thought that the

venation in Panorpa (Fig. 6), a common
genus of Mecoptera, agreed with their gen-
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eralized plan, that is. Rs with four branches,

Mwith four and Cu separated basally into

CU| and Cu^, but Cu, with no further branch-

ing. In the medial field, the venation of Pan-

orpa is strikingly like that of the tanyderid

Pwtoplasa (compare Figs. 6 and 5), with

the same convexity and concavity of cor-

responding veins. Cu. in Tanyderidae, as in

Tipulidae, is only weakly developed as a

dark line in the cubital furrow behind Cu,.

Among the Mecoptera, Nannochorisla

(Fig. 7) is most like the Diptera: the head

and mouthparts are not elongated as in most

Mecoptera, the mandibles are reduced in

the adult, and, in wing venation, M is fused

basally with Cu,. In this genus, as in Me-
coptera generally, the anterior cubitus is un-

branched. Moreover, in all Mecoptera the

veins Rs and M4 are both distinctly convex,

as in the primitive Diptera.

From the evidence presented, I conclude

that in the Tipulidae (probably the most

primitive family of extant Diptera) and in

the Tanyderidae (which I consider also very

primitive flies, although their phylogenetic

position is still disputed) the media (M) typ-

ically has a dichotomous division, each

branch again dividing dichotomously, hence

four terminal branches. Further, I conclude

that the anterior cubitus (Cu,) in primitive

Diptera, at least, is not branched.

There is great variation in the branching

and the basal fusion of veins in the order

Diptera. I have not studied this in detail.

Nevertheless, I find the interpretation of ve-

nation based on the Tipulidae and Tany-

deridae, and compared to that of the Me-
coptera, as reasonable as any other for all

Diptera. An unbranched Cu, could be

thought of as one more character linking

Mecoptera and Diptera (as Antliophora of

Hennig, or Mecopterida of Boudreaux) and

differentiating this group (which also in-

cludes the Siphonaptera) from the Am-
phiesmenoptera, or Trichopterida.
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